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20. ABSTRACT:

This experiment was conducted to measure man's head aiming/tracking capability usng a
helmet mounted sighting device. The influences of target peed, hemet suspension types, and
helmet welghting parameters on head aming/ tracking were investigated. If the aming/tracking
accuracy was sengtive to manipulation of these man-machine interface parameters, then it would
seem to indicate that improved aiming/tracking accuracy could be obtained by improving the
interface.

The factors analyzed were eye dominance, hdmet weighting, target Soeed, and helmet
sugpension. The eye dominance, helmet weighting, and target speed factors were satigticaly
sgnificant; however, the only factor of practical Sgnificance was target speed. A subject aming
at adatic target with his head had an RMS error of about 3 milliradians. Then the target began to
move 4//second, the error increased to about 10.5 milliradians. When the subject began to vibrate
too, the error increased to 13 milliradians. When the target speed doubled, the vibrating error
increased to 16.8 milliradians.



SUMMARY

This experiment was conducted to measure man's heed aming/ tracking capability using a
helmet mounted sighting device. The influences of target peed, hemet suspension types, and
helmet welghting parameters on head aming/tracking were investigated. If the aming/tracking
accuracy was sengtive to manipulation of these man-machine interface parameters, then it would
seem to indicate that improved aiming/tracking accuracy could be obtained by improving the
interface.

The subject sat in amodeled AH-1 (Cobra) copilot's crewstation which was attached to the
Multi-Axis Helicopter Vibration Smulator (MAHVS). The MAHV S vibration was programmed
using an analog FM recording from x, y, z coaxid acceerometers mounted to the floor in the
copilot's crewstation of an AH-1G. The Cobra flew the same mission profile the MAHVS was to
smulate. A light in the center of a photocell array was used as atarget for the subject to track.
The 32x32 photocell array and target light moved in a quasi-random spherica path with congtant
velocity and a constant distance of 80 inches from the subject's eye position. The target traversed
an area 110/ azimuth and 450 in devation. A beam of infrared light was projected from a small
telescope mounted on the subject's helmet. This light beam was bore- sighted with the subject's
reticle projector. Asthe subject tracked the target by superimposing hisreticle on it, the
coincident beam of infrared light would energize the appropriate photocdl(s).

The output of the photocell board was sampled at 1,000 Hz and recorded digitaly. Ten
percent of the data was andyzed after each tracking period; this andysis was used to insure
proper functioning of the eectrical and mechanica systems.

The factors analyzed were eye dominance, hdmet weighting, target Speed, and helmet
sugpension. The eye dominance, helmet weighting, and target speed factors were datigticaly
ggnificant; however, the only factor of practica sgnificance was target gpeed. A subject aming
at adatic target with his head had an RM S error of about 3 milliradians. When the target began
to move 4//second, the error increased to about 10.5 milliradians. When the subject began to
vibrate too, the error increased to 13 milliradians. When the target speed doubled, the vibrating
error increased to 16.8 milliradians.
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INTRODUCTION
Much interest has been generated in the aerospace community during recent years
concerning Visudly Coupled Systems (VCS). A VCS can be defined as a closed-loop technique
utilizing the naturd visua and mator skills of the operator to control a system function. The
development of methods to accurately and remotely measure head position has enabled engineers
to use the head as a control device. When the head tracker is used to orient an electro-optica (E-

0O) sensor whose video information is being viewed on a display aso mounted on the heed, a
VCSisachieved.

VISUALLY-COUPLED SYSTEM

CONTROL PATH —
HELMET
SIGHT
CONTROLLED
‘\ HELMET
DISPLAY [
FEEDBACK PATH

Figurel. A Visud-Coupled System Block Diagram.

In airborne applications of VCS, some of the head tracker and display hardware must be
mounted on the crewmember's hemet; thus, the terms "Helmet Mounted Display (HMD)" and
"Helmet Mounted Sight (HMS)" are used to identify the display and tracker, respectively. Since
the helmet done introduces considerable weight to the operator's head, the additiona weight
contributed by the VCS hardware must be kept to an absolute minimum. This restriction is not
only necessary so the aviator's safety is not compromised, but aso so his performance is not
encumbered.
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PURPOSE

This experiment was conducted to measure man's heed aming/ tracking capability using a
helmet mounted sighting device. The influences of target speeds, hemet suspension types, and
helmet weighting parameters on head aming/tracking accuracy were investigeted. If the
aming/tracking accuracy was sendgtive to manipulation of these man-machine interface
parameters, then it would seem to indicate that improved aiming/tracking accuracy could be
obtained by improving the interface.

LITERATURE REVIEW

The only systematic perceptud-motor experiment conducted to measure the ability of the
neck and shoulder muscles to effect head aming/tracking was performed by Honeywed | Systems
and Research Division. This study, conducted in 1965 by R. Nicholson (1966), was to investigate
the feasbility of uang the HM S as a means of aming an armament system. A three-phase
experiment program was conducted. In Phase | alaboratory experiment measured static Sghting
accuracy. In Phase |l tracking accuracies were obtained using moving targets. The last phase was
conducted to obtain field test data for high speed, low dtitude flights. The series of tests
indicated that the accuracy of the sighting process can be expected to vary between afraction of a
degree and four degrees, depending on the target angular rate and the target Sighting angle.

Other tests have been conducted to ascertain the performance characteristics of pecific
HMS systems under specific conditions (Haywood 1975, Polhemus 1976, Sawamura 1976).
Bench tests were conducted at the Aerospace Medical Research Laboratory, Wright-Patterson
Air Force Base (WPAFB), Ohio, using the Volna Test Station to obtain aiming performance data
without the man in the system. Hight tests were conducted in high performance aircraft to obtain
tracking/aiming performance data during tactica operating conditions (Grossman 1974).

An analysis of the previoudy referenced bench tests indicate that aiming accuracies are a
function of the off-boresight angle and can be expected to vary from 0.01 degree for the forward
quadrant to 10 for the rear quadrant (Polhemus 1975). An andysis of the flight test dataindicates
amedian radia error of 0.80 and that 90% of the time the radid error was less than 2.20 over dl
off-boresight andes, a-loads and angular rates. However, rather than the performance 6f specific
systems, the measures of interest in the present experiment were the limitations imposed by the
man and man-machine interface.

The results of Nicholson's experiment indicate that the head can be used as avery effective
aming device. However, Nicholson used a very limited range of target motion parameters which
highlighted the capatiilities rether than the limitations of the aming functions. The maximum off-
boresight angle for targets during the static aiming tests was only 109. The reaction times vary
among the three subjects, the average being 2.04 seconds with .81 second standard deviation.
Thisindicates that, given sufficient time, atarget can be held within a cross hair over smdl
angular ranges with much less than 10 circular error probability (CEP). However, if targets
appear greater than 100 from boresight, which would be a less restrictive and more redigtic
gtuation, the CEP is not known. During the dynamic portion of the testing, constant errors were
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introduced due to tracking/aiming bias errors of the observer and alignment errors of the
measurement equipment. The author removed these errors from the data before analyzing it. The
technique used to remove this error dso tended to smooth the data.

METHODOLOGY
SIGHT SYSTEM

A thorough analysis of the empirica data obtained from flight tests and static bench tests of
HMS devices indicated head aiming/ tracking accuracies with amean radid error of 13.6
milliradians (mr) had been obtained. In order to measure the man's capabilities lone, adevice
was designed which would measure static aming accuracies to within 1.6 mr using a cooperative
target. This device conssts of a32x32 photocell array (Figure 2). The photocells were positioned
with their centerson ¥2inch incrementsin X and Y.

Each photocell had two sensing eements, one activated the X axis and the other activated
the Y axis (Figure 3). When a photocell was activated, it turned on CMOS switches--one for X
position and the other for Y pogition. The switches activated voltage dividers and the position of
the activated photocell was uniquely determined by the X, Y voltages. If two photocells were
activated amultaneoudy, the arithmetic mean of the two cdlls was determined. This meansthe
resolution of the array was 1/4 inch provided the activating source was gpproximately 3/4 inchin
diameter. (The actud diameter was determined empirically.)

The activating source was a PBL 150 watt quartz iodide lamp with an IR 740 nm high pass
filter (Figure 4). The energy from the lamp passed through a lightweight, noncoherent fiber-optic
light guide to a telescope mounted on the subject's helmet. The emerging beam of infrared (IR)
light was boresighted with the subject's reticle. The beam of light was 5/8 + 1/8 inch in diameter
asit impinged on the photocell array (Figure 5). The IR beam was not readily visble to the
subject.

12
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SPOT PROJECTOR
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Figure4. The lightweight spot projector shown was mounted to the

subject'shdmet. A 1/8 inch diameter, six foot long, very flexible glass
fiber-optic light guide provided the light for the projector from atungsten

source |located behind the subject's seat.

Figure 5. Sketch shows target board being illuminated by infrared spot projector
mounted on subject's hemet.
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Also mounted on the subject's helmet was a Sperry Rand sight reticle generator. This device

generated an illuminated reticle of adjustable intendity; the collimated reticle could be viewed by
ether the right or left eye (Figure 6).

Figure 6. Subject is shown with reticle generator positioned in front of
right eye and spot project mounted to subject's helmet. The target,

photocell array, and moving target system (MTS) can be seen in the
background.

Prior to sarting each testing on, the subject's reticle and the spot of light from the
helmet mounted projector were bore-sighted at 80 inches. Asthe subject digned hisreticle with
the illuminated target, the experimenters adjusted the spot projector until it was centered on the
illuminated target. The accuracy of the boresight was checked by observing the X, Y monitor and
displayed voltage levels. Corrections to the mechanical adjustment were made dectrically and
datisticaly and will be described in more detail in the procedures section.
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Target

A miniature lamp with a tranducent white filter was ingtaled in the center of the photocdll array.
Thislamp was the target. The intensity of the lamp was controllable. The computer turned on the
lamp to indicate the initiation of atracking/aming trid and turned off the lamp to indicate the
concluson of atrid. The photocdl board with the lamp/target firmly affixed to its center was
moved in a quasi-random direction at pre-determined constant velocities. The speeds of the
target were O//second, 4//second, and 8//second. The target moved at a constant velocity
throughout each 30-second tracking trid, but the direction and magnitudes of the acceleration
vectors were congtantly changing. The target transversed a spherica path + 50/ in azimuth and
+30 -159 devation with aradius of 80 inches from the crewmember's design eye. The device
that moved the array was cdled the moving target sysem (MTS). The Hybrid computer
generated commands for the MTS servos to follow (Figure 7). The same quasi-random path was
used for each subject since the same random numbers (therefore quasi-random) were generated
each experimentd session.

Figure 7. A typical series of target pathsis shown on this storage display.
Scaling factors were used to define target movement limits and rates.
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Data Acquidtion

The X and Y channds coming from the voltage dividers on the photocell array were

observed on an X, Y monitor. These signals were smultaneoudy recorded for historical purposes
on 14 channd FM instrumentation recorder and fed to the Hybrid computer.

Since the beam was congtantly in motion, even when the target and the cockpit werein a
dtatic condition, some noise was introduced into the analog channds from the photocdl array. To
compensate for the noise generated in the photocell array and lines from the array to the analog
portion of the Hybrid computer, a series of threshold levels were used by the computer to
improve the sgnd to noise ratio. These threshold levels dso compensated for nonlinearitiesin
the voltage dividers. As a pendty, the static resolution of the photocell array was degraded, but
the dynamic accuracy was not serioudy affected. Thirty-two threshold levels were established in
the X and Y channels (3.2 mr). The output of the photocell board was compared to the threshold
levels and the result recorded at 1,000 Hz. A probability density histogram was generated from
the 600 data points obtained in each axis during the 30-second tracking period. The statistics
presented in this report were obtained from the analysis of these histograms.

The subject response switches, target servo position feedbacks, time code, intercom, target
drive commands, and simulator accel erations were smultaneoudy displayed on oscilloscopes
and recorded on the 14 channel recorder. The subject response switches, target servo position
feedbacks, and time and time code were aso sampled and recorded by the computer. At the
conclusion of each 30-second tracking trid, the computer would analyze 10 percent of the
tracking data and provide its andysis within seconds to the test director on avideo display and
hard copy. This procedure proved aso to be an invauable tool in troubleshooting the data
acquigition hardware.

Vibration Environment

A 45-minute tactical scenario was flown in an attack helicopter (AH-1G) with three
orthogonaly mounted accel erometers secured to the copilot/gunner's floor pand. Smulated
TOW and live 7.6 mm, 40 mm, and 2.75-inch rockets were fired. The accel erations measured at
the copilot/gunner's floor panel were recorded as X, Y, and Z vibration components as indicated
in Figure 8. The crew's communications were recorded also.
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F AH-1G (COBRA)

%

HELICOPTER AXIS
Figure 8. AH-IG (Cobra) showing coordinate axis orientations.

This 45-minute program was recorded twice on each of three 90-minute master tapes to be
used throughout the test sequence. A time code was added to the tapes so the USAARL Hybrid
computer could synchronize the aiming/tracking tasks with the vibration according to a
predetermined schedule. Small sections of the vibration tapes were blanked since the
acceerometers overload during gun firing. Master tape | was played for dl data collection tests
50 that the Multi-Axis Helicopter Vibration Sysem (MAHVS) replicated the helicopter
vibrations experienced by the copilot/gunner during the actud flight and each subsequent
amulator flight. Each tracking sequence and target movement was dso repeeted a the sametime
based on the time code information synchronized with the vibration sgnals.

Subjects

Six Army aviators were used as subjects. Three were ingtructor pilots for the Cobra
Trangtion Course at the US Army Aviation Center and two were US Army Aeromedica
Research Laboratory pilots. The sixth aviator had more than 1,000 hours of gunship experience
in the Republic of Vietnam. All six subjects passed the stlandard static acuity and the dynamic
acuity tests administered by an optometrist and research psychologist, respectively. The subjects
were aso given an eye dominance test described in Appendix A, Eye Dominance Test. One of
the aviators wore glasses.

Hemets

The sx aviator subjects werefitted for formfit helmets by Protection Incorporated
personnd. Wax molds were made of the aviators heads and plaster head forms were made from
the molds. The foam liners for each SPH-4 lightweight hdmet were then fitted to a particular
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individud's head form. The hard foam liners were covered with soft foam and leether and the
backs were reinforced with fiberglass. The fiberglass reinforcement enabled the helmet

technician to remove and insart the foam liners in the test helmet without damage to the delicate
foam inserts (Figure 9). Absorbent cotton skull caps were worn by the subjects to reduce possible
hest discomfort.

(A) Inside (B) Outside

Figure9. Formfit inserts used to customize the experimental helmet to a specific subject's head
shape: (A) Insde; (B) Outside.

The weight and center of gravity (cg) of the test hedlmet were adjusted to conform to the
weight and center of gravity of the standard issue SPH-4 during the symmetricaly weighted
condition and to the projected integrated helmet display/sight system (IHADSS) weight and cg
with the display during the asymmetricaly weighted condition (Figure 10). See Appendix B,
Helmet Center of Gravity (CG) Determination, for weight/cg detalls.

Cockpit

A metal mock-up of an AH-1G copilot/gunner crewstation less canopy was fabricated and
ingaled onthe MAHV'S (Figure 11).
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Figure 10. Test hedmet shown without custom
foam inserts. Lead weights were used to achieve
the desired weight and cg characterigtics.

Figure 11. A metal mock-up of an AH-1G cockpit
secured to the Multi-Axis Helicopter Vibration
Smulator.
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The crewstation geometry, sedt, instrument panel, and pedas were authentic. The cyclic
control, however, was mounted on the floor, asin the pilot's crewstation, instead of its normal
location. The trigger switch on the cyclic was used by the pilot to indicate when he began to track
the target and his tracking confidence. The pilots were directed to squeeze the trigger switch on
the cyclic to the first detent as soon as they saw the target illuminate. The computer began taking
and scoring data at this time. The subjects were directed a so to squeeze the trigger to the second
detent as long as they had enough confidence to “fire" a point-fire wegpon at the target. The
computer graded this data as "high confidence’ data. The information contained in thisreport is
based on the sum of al the data without regard to tracking confidence.

Procedures

Tegting sessions were conducted 4 days aweek from 1300 hours to 1530 hours; no sessons
were conducted on Friday. Subjects were scheduled at least 1 week in advance with no less than
1 day between successve sessons. Equipment maintenance, check-out, and cdlibration were
conducted each morning.

The test hdmet was configured and fit for the condition to be tested during the day's session.
USAARL s life support equipment specialist persondly fit and checked each subject before and
after each session. The subject aso signed the consent forms and had his neck measured and
marked prior to entering the smulator.

The timekeeper insured dl systems were operationa and in the proper status before the
subject mounted the crewstation. After al stations reported, the subject was asssted into the
crewstation, the room lights were extinguished, and the subject's reticle and spot projector were
boresighted with the help of the controller and test director. The timekeeper then reviewed the
subject's control functions and instruction. The controller, when directed by the timekeeper,
would move the target/photocell array to the upper right corner of the MTS (450 AZ, 500 EL)
and ectivate the target light. Also, at the command of the timekeeper (Figure 12), the subject
would am at the target and sueeze the trigger on the collective, and the computer termina
operator (Figure 13) would initiate data collection.
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Figure 12. Controller and timekeeper, shown near
and far respectively, prepare to begin experiment.
Tape recorders and X, Y monitor are shown in
background.

Figure 13. Termina operator initiaizes computer
program, monitors computer operations, notifies test
personndl of error messages, and insures completeness
of "quick-look™" data a the end of each datatrid. Hard
copy of datais generated at this position a so.
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When the 30 seconds of data were collected, the computer would extinguish the target light and
the subject would relax. In the same manner, data were collected from the center (0/ Az, o EL)
position and lower left (-300 AZ, -500 EL) position. The controller - watched the X, Y monitor

and oscilloscopes to insure system operation, and the test director reviewed the computer data
summary for each trid.

At the conclusion of the gtatic tests, the dynamic tests began. The timekeeper would check
with the MAHV S operator to insure dl MAHV S systems were operationa and the medical
monitor was on cal (Figure 14). When affirmed, the timekeeper would initiate the program tape
and time-code decoder. When the time-code on the tape began counting, the computer terminal
operator was directed to synchronize the computer to the program tape. Within seconds the
experiment would begin. The MAHV S operator was then directed by the timekeeper to put the
MAHV S in computer operator mode. The controller was likewise directed to put the MTS in
computer operator mode (Figure 15).

: fi‘ A4

Figure 14. The Multi-Axis Helicopter Vibration Smulator (MAHVYS)
operator monitors system performance. In the event of a system
mafunction, the operator must disarm hydraulic systems, correct
deficiency, and reinitidize smulator. Controller, timekeeper, and subject
gtations shown in background.
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Figure 15. Computer programmer inserts program board
into PACER 600 Andog Computer. The Andog Compuiter,
under control of the SEL 8500 Digital Computer, controls
moving target system (MTS), data acquisition, Multi-Axis
Hélicopter Vibration Sysem (MAHV'S), and monitors dl
control functions and indicators.

Ten seconds prior to each tracking sequence, the timekeeper would notify the subject that a
sequence was about to begin. Thefirst and twenty-first track occurred when the MAHV S was
static. These are called test tracks; the target moved at 4//second but the MAHV S was static. The

tracking events schedule is shown in Table 1. At the conclusion of the dynamic tracking tet, the
static tests were repeated.
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TABLE 1

TABLE OF EVENTS
EVENT DESCRIPTION
1 Static - Subject static, target (+45, -50)
2 Static - Subject dtatic, target (0, O)
3 Static - Subject static, target (-30, +50)
4 Test - Subject dtatic, target 4//second
5 Hi - Subject vibrating, target 8//second
6 Lo - Subject vibrating, target 4//second
7 Hi - Subject vibrating, target 8//second
8 Lo - Subject vibrating, target 4//second
9 Lo - Subject vibrating, target 4//second
10 Hi - Subject vibrating, target 80/second
11 Lo - Subject vibrating, target 4//second
12 Hi - Subject vibrating, target 8//second
13 Hi - Subject vibrating, target 8//second
14 Lo - Subject vibrating, target 4//second
15 Hi - Subject vibrating, target 80/second
16 Hi - Subject vibrating, target 80/second
17 Lo - Subject vibrating, target 49/second
18 Hi - Subject vibrating, target 8//second
19 Hi - Subject vibrating, target 80/second
20 Hi - Subject vibrating, target 80/second
21 Lo - Subject vibrating, target 40/second
22 Lo - Subject vibrating, target 4//second
23 Lo - Subject vibrating, target 4//second
24 Lo - Subject vibrating, target 4//second
25 Test - Subject Static, target 4//second
26 Static - Subject static, target (45, 50)
27 Static - Subject static, target (0, O)
28 Static - Subject static, target (-30, -50)

Use of clever computer programming techniques enabled this experiment to be conducted
without disrupting norma data crunching operations. The computer had a disk file with the
schedule of tracking event and an associated time for each event. 1t would monitor the time code
being read from the analog vibration master tape discussed earlier. Thirty seconds before a data
trial was to begin, the program would start easing other uses out of the centra processing unit
(CPU). Any hard liners would be aborted 10 seconds before the data trid was to begin. The
monitor would then load the larger program. After the 30 seconds of data was collected and
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partidly andyzed, the program would determine how long before another datatrid. If the time
exceeded | minute, the large program would exit, leaving the monitor to determine when to
reload again (Figure 16).

When the tests were completed, the subject was debriefed by the test director and his neck
was again measured. The neck measurement, vibration time, and debriefing information were

logged.

Figure 16. Computer programmer mounts tape to
collect digitized aming/tracking data generated
during experiment.

26



Sefety

A multitude of precautions were taken to insure the subject's safety during the experimen.
The MAHV S is equipped with a sophigticated fail-safe system that shuts down the hydraulic
gsysems a the dightest irregularity. The subject held afall-safe switch closed during the periods
the MAHV S was operating. If the subject released the switch, the system would immediately
shut down.

The inter-communications systems provided the subject with a"hot mike' so that all
personnd in the area could monitor him.
A closed circuit, low light level television camera was trained on the subject so that his actions
could be viewed by the MAHV S operator and recorded. These tapes were retained for historical
documentation.

A sophisticated radio communications system was dso ingtaled so the MAHV S operator
could notify an on-cal flight surgeon and the hospital emergency room if an accident occurred.

RESULTS
DATA

The independent variablesin this study were eye dominance, hdmet suspension, target
Speed, and helmet weighting. The dependent variable was aming/tracking accuracy, E, expressed
in milli-radian (mr) root mean squared (RMYS) error. There were two levels of eye dominance,
right and left; two levels of hdmet suspension, formfit and ding; two levels of hdmet weighting,
symmetrica and asymmetrical; and four levels of target speed: high (target moving 8//second;
subject vibrating), low (target moving 4//second; subject vibrating), static (target satic in one of
three locations; subject static), and test (target moving 4//second; subject static).

Six combinations of the eye dominance, helmet weighting and hemet suspension variables
were administered to the Six subjects, each combination was considered a separate trestment. The
SX trestments were:

A. Dominant eye, symmetric hdmet weighting and formfit hemet suspension.

B. Dominant eye, asymmetric hdmet weighting and ding helmet suspension.

C. Non-dominant eye, symmetric helmet weighting and formfit helmet suspension.
D. Non-dominant eye, asymmetric hdmet weighting and formfit hemet suspension.
E. Dominant eye, symmetric hdmet weighting and ding helmet suspenson.

F. Dominant eye, asymmetric helmet weighting and formfit helmet suspension.
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The trestments were administered in the order indicated in Table 2. The combination of
non-dominant eye viewing and ding helmet suspension was not administered to the subjects
during the study. This limitation was imposed because of schedule congraints for the MAHVS;
adding this condition would have extended the data collection sessions two more weeks.

TABLE 2

EXPERIMENTAL DESIGN *

DOMINANT EYE NON-DOMINANT EYE
FORMFIT SLING FORMFIT
TREATMENT  SYM ASY SYM ASY SYM ASY
(A) ) (B) (B) (©) (D)
s1 1 6 3 4 5 2
S2 2 5 6 1 3 4
S3 3 4 2 5 1 6
4 4 3 5 2 6 1
S5 5 2 1 6 4 3
S6 6 1 4 3 2 5

*Four target speeds for each treatment not shown.
The 6x6 Latin Square order of presentation was used to minimize the learning effects.

The aming/tracking data collected during this study are andyzed as though two separate
experiments had been conducted. In Case |, eye dominance data are andyzed in addition to
helmet weighting, target speed, and subject variables. The formfit suspension is a congtant factor
for the Case | analyss. The datafor the Case | andyss are obtained from treatments A, C, D, and
F. Theraw datafor Case | andysis are shown in Table 3.

In Case |1, hdmet suspension data are andyzed in addition to helmet weighting, target
Speed, and subject variables. The dominant eye is a constant factor for the Case Il analysis. The
datafor Case Il andysis are obtained from treatments A, B, E, and F. The raw datafor Caselll
andyssareshownin Table 4.

The figuresin Tables 3 and 4 were ca culated from the line-of-sight (LOS) data obtained

from photocell board X and Y output voltages, the position of the light beam on the photocell
board produced the output voltages. These outputs were sampled and recorded each millisecond

28



during the 30-second aiming/tracking trial. The mean and standard deviation of the 30,000 and
30,000 photocell coordinates were caculated using the following equations:
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TABLE 3

RAW AIMING/TRACKING DATA - CASE |

SUBJECT STATIC TEST LOW HIGH

DOM NON DOM DOM NON DOM DOM NON DOM DOM NON DOM
SYM ASY | SYM ASY | SYM ASY | SYM ASY | SYM ASY | SYM ASY | SYM ASY | SYM ASY

1 M 240 249 450 235 | 1114 956 | 1590 | 1303 | 1450 | 1244 | 1737 | 1466 | 1754 | 1788 | 2271 | 17.77
SD 097 053 247 1.26 0.05 2.80 461 6.67 294 179 341 348 154 1.89 423 1.89
2 M 325 355 233 346 863 | 1245 8.63 971 115 | 1147 | 1124 | 1101 | 1508 | 1363 | 1429 | 1337
SD 053 043 094 0.87 0.08 154 013 348 1.00 181 126 0.95 125 113 148 117
3 M 2.56 247 3.16 435 851 910 | 1109 | 1037 | 1082 | 1157 | 1168 | 1220 | 1382 | 1461 | 1466 | 1540
SD 0.66 110 0.71 248 1.09 1.86 0.90 051 093 111 176 118 177 125 135 167
4 M 134 273 262 238 7.98 9.89 811 786 | 1136 | 1160 | 1152 | 1145 | 1330 | 1673 | 1442 | 1293
SD 103 0.92 049 0.70 0.60 015 1.06 0.28 133 188 107 097 129 130 157 0.70
5 M 211 384 327 339 | 1284 | 1044 | 1282 | 1361 | 1597 | 1263 | 1360 | 1542 | 1896 | 1593 | 17.22 | 2037
SD 158 0.65 0.80 149 579 319 0.30 1.00 332 1.60 097 219 192 148 182 219
6 M 316 3.65 329 395 | 1308 | 1257 822 | 1442 | 1534 | 1397 | 1532 | 1745 1800 | 1652 | 1652 | 2027
SD 0.80 0.65 151 1.08 2.66 091 4.38 213 1.89 1.92 105 212 104 176 138 181
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TABLE 4

RAW AIMING/TRACKING DATA - CASE 11

SUBJECT STATIC TEST LOW HIGH
FORM FIT SLING FORM FIT SLING FORM FIT SLING FORM FIT SLING
SYM ASY | SYM ASY | SYM ASY | SYM ASY | SYM ASY | SYM ASY | SYM ASY | SYM ASY
1 M 240 249 168 292 | 1114 056 | 1306 | 1148 | 1450 | 1244 | 1301 | 1637 | 1754 | 1783 | 1813 | 19.74
SD 097 053 053 0.52 0.05 2.80 325 334 294 179 135 2.87 154 1.89 159 173
2 M 325 355 245 251 863 | 1245 790 | 1018 | 115 | 1147 | 1114 | 1101 | 1508 | 1363 | 1330 | 16.00
SD 053 043 0.63 1.09 0.08 154 0.81 105 1.00 181 0.82 1.69 125 113 1.06 120
3 M 256 247 243 320 851 9.10 9.38 866 | 1082 | 1157 | 1129 | 1087 | 1382 | 1461 | 1551 | 1388
SD 0.66 110 133 071 1.09 186 264 0.78 093 111 0.78 124 177 125 148 163
4 M 134 273 262 218 7.98 9.89 745 734 | 1136 | 1160 | 1155| 1120 | 1330 | 1673 | 1347 | 1420
SD 103 0.92 0.67 132 0.60 0.15 0.22 0.63 133 188 103 119 129 1.30 131 15
5 M 211 384 224 230 | 1284 | 1044 | 1331 | 1041 | 1597 | 1263 | 1345 | 1314 | 1896 | 1593 | 1687 | 1690
SD 158 0.65 049 135 579 319 117 0.26 332 1.60 133 118 192 148 128 229
6 M 316 3.65 3.09 339 | 1308 | 1257 960 | 1223 | 1414 | 1534 | 1413 | 1372 | 1745 1800 | 1699 | 1751
SD 0.80 0.64 118 0.62 2.66 091 110 175 1.89 192 120 165 104 176 202 135
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The standard deviation of the photocell coordinates were then converted to subtended
visud angles usng the following eguation:

(5) Tarl s =0

d
For: d = 80 inches subject to target distance
s= 0.5 inches distance between photocell centers
2 =0.3580 = 6.088mr

The x and y standard deviations were then converted into radia vaues. The photocell
coordinates were transformed into subtended visua angles by-multiplying the photocell

coordinates by 6.088 mr/photocell. Since the X andY were goproximately equd to zero:
© = .:gf = (X- w‘f +(Fray) =t +2'y)

The ™  values were then averaged over the number of replicates on the same condition; the mean
and standard deviationsof "' arelisted in Tables 3 and 4. Theresulting valuesof "'y are
somewhat inflated by using the equations and techniques discussed above. The X and Y vaues
are treated independently rather than as paired vaues, i.e,, X, Y,. For comparison purposes,
however, the data techniques used are considered acceptable.

STATISTICS

Two datistica andysis techniques were gpplied to both Case | and Case |1 data. The firgt
andysswas a 2x2x4 factorid andyss with repeated measures. The second andys's, a 2x2x4x6
factoria analysis with repeated measures, used subjects as afactor. In Case | and Case Il the
factors were completely crossed and the trestments were counterbalanced. Andysis of Variance
(ANOVA) computer programs and manual techniques were used to anayze the data. The two
computer statistical andys's packages used were "Revised MANOVA Program™ by Elliot
Cramer (1974) and "Biomedicd Statistical Pro~rams' from the University of Cdifornia, Los
Angees (Dixon 1973). The same results were obtained from each method of andysis.

Casel Andysis

The ANOVA was gpplied to the Case | data using aming/tracking accuracy asthe criteria
measure (univariate). The factors tested were eye dominance, helmet weighting and target speed.
Each subject received dl treatments. The ANOVA Summary Tableisshown in Table 5. Thep
vaueslessthan 0.1 are consdered Satisticaly significant (p <0.1).
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TABLES

ANALYSISOF VARIANCE CASE |

SOURCE OF VARIATION SS df MS F P
Eye Dominance 45,722 1 45.722 6.859 0.009
Helmet Weight 0.908 1 0.908 0.136 0.712

Target Speed 16299.598 3 5433.199 815.090 0.001

Eye Dominance X 0.947 1 0.947 0.142 0.706
Hemet Weight

Eye Dominance X 0.837 3 0.279 0.042 0.706
Target Speed

Helmet Weight X Target 11.656 3 3.885 0.583 0.626

Speed
Eye Dominance X Helmet 7.897 3 2.632 0.395 0.757
Weight X Target Speed
Within Cdls 4352.746 653 6.666

The eye dominance factor is gatigticaly sgnificant (p <0.009), but the hemet weighting
factor is not gatistically sgnificant (p <0.7). The target speed factor has overwhelming statistica
sgnificance (p <0.001). None of the interactions are Satigtically sgnificant. Snce the mgority of
the data variability is accounted for in a consistent manner by the target speed factor, the F values
for the interactions are less than one.

The second andysis uses subjects as a factor; the analysis becomes more complex. The
ANOVA Summary Table, Table 6, shows eye dominance satigtically significant (p <0.001).
Target gpeed and subject factors are dso Satidticaly sgnificant (p <0.001). The helmet weighting
factor is not satigicaly sgnificant (p <0.59), but unlike the previous andyss, the interactions
are datidtically sgnificant. The target speed x subject, eye dominance x subject, and helmet
weight X subject interactions are satistically sgnificant (p <0.001). The only three-way
interaction Satisticaly sgnificant is eye dominance x helmet weighting x subject (p <0.001) asis
the four-way interaction, eye dominance x helmet weighting x target speed x subject (p <0.001)]
Again, mogt of the variability is accounted for in a consstent manner by the target speed factor.
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The subject factor in this andysis aso accounts for much of the variability but in aless congstent
manner, thus the sgnificant interactions.

Ca=ll Andyss

The ANOVA was gpplied to the Case |1 data using aiming/tracking accuracy as the criteria
measure (univariate). The factors tested were helmet suspension, hdmet weighting, and target
gpeed. Each subject received dl treatments. The ANOVA Summary Tableisshown in Table 7.
The p vaueslessthan 0.1 are consdered Satigticaly sgnificant.

The hdmet suspension factor is not gatigticaly sgnificant (p <0.32), and neither isthe
helmet weighting factor (p <0.224). The target speed factor is Satigtically sgnificant (p <0.001);
it has overwhelming significance. None of the interactions are satisticaly sgnificant. Asin Case
|, the mgority of the data variability is accounted for in a consgstent manner by the target speed
fector; therefore, F vaue for the Case Il interactionsis less than one.



TABLE6
ANALYSISOF VARIANCE CASE |

(Subjects As A Factor)

SOURCE OF VARIATION SS df MS F p Less Than
Eye Dominance 45.721 1 45721 14.730 .001
Hemet Weighting 0.908 1 .0908 0.293 589
Target Speed 16299. 3 543318 1750.37 .001
566 7 2
Subjects 1384.1 5 276.839 89.187 .001
95
Eye Dominance x Hdmet Weight 0.995 1 0.995 0.321 572
Eye Dominance x Target Speed 0.635 3 0.212 0.068 977
Eye Dominance x Subjects 153.28 5 30.656 9.876 .001
1
Helmet Weight x Target Speed 10.163 3 3.388 1.091 352
Helmet Weight x Subject 204.32 5 30.656 9.876 .001
3
Target Speed x Subject 356.70 15  23.780 7.661 .001
1
Eye Dominance x Hemet Weight 9.123 3 3.041 0.980 402
X Target Speed
Eye Dominance x Target Speed x 54852 15 3.657 1.178 284
Subject
Eye Dominance x Helmet Weight 219.67 5 43935 14154 .001
X Subject 3
Helmet Weight x Target Speed x 56.675 15 3.778 1.217 253
Subject
Eye Dominance x Helmet Weight x 144.84 15 9.657 3.111 .001
Target Speed x Subject 8
Within Cdls 1778.6 513 3.104
03
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TABLE7

ANALY SIS OF VARIANCE CASE I

SOURCE OF VARIATION SS df MS F p
Suspension 4.587 1 4.587 0.986 321
Hemet Weighting 6.903 1 6.903 1.483 224
Target Speed 116475.348 3 5491781 1179.940  .001
Suspension x Helmet Weight 6.881 1 6.881 1478 224
Suspension X Target Speed 2.082 3 0.694 0.149 .930
Helmet Weight X Target 11.574 3 3.858 0.829 478
Speed

Suspenson X Helmet Weight 9.574 3 3.191 0.686 561
X Target Speed

Within Cdls 3048.560 655 4.654

The second andysis uses subjects as a factor; the analysis becomes more complex. The
ANOVA Summary Table, Table 8, shows the helmet suspension factor not to be Satistically
ggnificant (p <0.156). Helmet weighting, however, becomes satigticaly significant (p <0.09).

The target speed and subject factors are also statisticaly sgnificant (p <0.001). The suspension x

helmet weighting interaction is aso sgnificant (p <0.084). The three-way interactions, hedmet
suspension X helmet weighting x subjects and helmet weighting X target speeds x subjects, are

datisticaly sgnificant (p <0.001 and p <0.005, respectively).

The other three-way interactions are not satistically sgnificant, but the four-way
interaction, helmet suspension x helmet weighting X target Soeed x subject, is Satigticaly

ggnificant (p <0.001). Again, the mgority of the variation is accounted for by the target speed
factor. The subject factor dso accounts for much of the variation but in aless consstent manner,

thus the satidicdly sgnificant interactions.

36



TABLES8

ANALY SIS OF VARIANCE CASE I

(Subjects As A Factor)

SOURCE OF VARIATION SS df MS F p
Suspension 4,737 1 4737 2.022 0.156
Hemet Weighting 6.903 1 6.903 2.947 0.087
Target Speed 16745.352 3 5491.785 2344.800 0.001
Subjects 957.728 5 191.546 81.783 0.001
Suspension x Hemet Weight 7.022 1 7.022 2.998 0.084
Suspension x Target Speed 2.079 3 0.693 0.296 0.828
Suspension x Subjects 58.969 5 11.794 5.036 0.001
Helmet Weight x Target Speed 11.324 3 3.775 1.612 0.186
Helmet Weight x Subjects 78.195 5 15.639 6.677 0.001
Target Speed x Subjects 273.445 15 18.230 7.783 0.001
Suspenson x Helmet Weight x 9.562 3 3.187 1.361 0.2%4
Target Speed
Suspension x Helmet Weight x 108.095 5 21.619 9.231 0.001
Subject
Suspension x Target Speed x 39.809 15 2.654 1.133 0.323
Subject
Helmet Weight x Target Speed x 78035 15 5.202 2.221 0.005
Subject
;gnf gb?ez!td met Weight x Target 107.547 15 7.170 3.061 0.001
Within Cdls 1346.714 575 2.342
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DISCUSSION

This experiment required great manpower and hardware resources. Many answers had to be
provided in ardatively short period of time. In order to minimize the resource drain and provide
answersin atimely manner, the non-standard experimental design was required. The separation
of the datafor the analysis by Case | and Case 11, dthough not efficient from some viewpoints,
proved to be the most viable method of analyzing the data. A complete design would have
required sgnificantly more resources and the advantages would have been purely academic. The
sequence effects were minimized by using the 6x6 Latin Square order of presentation. The
inherent counterbalancing in this design tended to prevent sequence effects from being
completely confounded with treetment effects. The sequence effects are instead spread over the
treatments. Admittedly, such sequence effects tend to mask trestment effects, but the advantages
in this study greetly outweighed the disadvantages.

This experiment was conducted to provide information so that hardware decisons could be
made based on objective data rather than speculation. With this thought in mind, this discussion
section will emphasize the practica sgnificance as well asthe purer datigtica sgnificance of the
experimenta results.

CASEI

The aming/tracking performance of the subjects, dthough satisticaly better with the
dominant eye, is only improved on the average 6.1% (Figure 17).

The mean performances using the symmetricaly and the asymmetricaly weighted hdmets
were essentidly the same (Figure 18); no Satigticaly significant difference was observed.

The performance changes with target speed levels are much more profound (Figure 19).

When the target was static and the subject was dtatic, the average accuracy was 3.5 mr. As
the target began to move at 4//second, the mean accuracy degraded to 11 mr. When the subject
began to experience vibration too, the mean accuracy degraded to 13.3 mr. An increase of target
speed to 8//second caused the accuracy to further degrade to 16.3 mr. The percentage changes
were 217%, 283%, and 366%, respectively, from the static case. The target speed factor
accounted for such an overwheming portion of the variation that the factor interaction involving
target speeds have F ratios less than one.
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The target gpeed x eye dominance data (Figure 20) show the dominant eye performanceis
better than the non-dominant eye performance at al target peed conditions. The improvement
seems to be absolute rather than a congtant percentage across al target speed conditions.

The target speed x helmet weighting data (Figure 21) show less consistency.

The subjects performed better with the asymmetric helmet weighting in the static and low
speed conditions, better with the symmetric helmet weighting in the test condition, and about the
samein high speed condition.

The hdmet weighting X eye dominance data (Figure 22) show performance differences of
about 10% from the best to worst case, dominant asymmetric to non-dominant asymmetric,
respectively. It is surprising to see the asymmetric weighting performance is better for the
dominant eye condition.

The three-way interaction of target speed x eye dominance x helmet weighting is not
datigticaly sgnificant (p <0.76); the data (Figure 23) once again show the target speed variability
overshadowing other differences. The eye dominance differences are somewnhat less obvious but,
nevertheless, seem to exist.

The andyss usng subjects as afactor will now be discussed. The rationde for including
subjects as afactor is—-if individud differences are a source of greet variation, thisis an important
factor to be investigated by itsdf and in itsinteractions with the other factors. If some subjects
perform better with one combination of factors and another performs better with another
combination, vauable information is obtained for the hardware devel opers that should not be
discarded.

Figure 24 shows the subjects do perform differently (p <0.001), as one might expect. The
range isfrom 9.1 mr to 12.5 mr, a 37% difference from best to worst on the average.
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The eye dominance x subject data (Figure 25) illudtrates the satisticaly sgnificant
interaction between the two factors (p <0.001).

Subjects|, 3, and 5 performed better with the dominant eye and subjects 2, 4, and 6
performed better with the non-dominant eye. The helmet weighting x subject interaction (Figure
26) was dso datidticaly sgnificant (p <0.001).

Subjects 2, 3, 4, and 6 performed better with the symmetricaly weighted helmet while
subjects 1 and 5 performed better with the asymmetricaly weighted helmet.

The target gpeed x subject datais shown in Figure 27. The interaction is satisticaly
significant (p <0.001).

The maximum aiming/tracking error for al subjectsis a most 4.25 mr for the Setic
condition. The errors for the test target speed condition range from 6.4 mr to 12.4 mr; the low
data ranges from 11.3 mr to 15.5 mr; and the high data from 14.1 mr to 18.9 mr. The overlapping
ranges contribute to the gtatistica sgnificance of the interactions.

The three-way interactions, target speed x eye dominance x subjects and target speed x
helmet weighting x subjects, are not satisticaly significant (Figures 28 through 35).
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Figure 35. Casel, Target Speed X Helmet Weight X Subject - High

The variability attributed to target speed overshadows the less consstent differences
attributable to the other factors in these interactions. The eye dominance x helmet weighting x
subject interaction (Figures 36 and 37) is statistically significant (p <0.001) because some
subjects performed their best with the helmet weighting and eye configuration with which other
subjects performed their worst.
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For example, subjects 1 and 5 performed best with dominant eye, asymmetric weighting.
Subjects 2 and 4 performed their worst with the same combination. The inconsistent performance
by subjects across other factorsis the reason for the satistical significance.

The same raiondeis gpplicable to the eye dominance x subject x helmet weighting X target
Speed interaction (Figures 38 through 41).

EYE DOMINAMCE X SUBJECT X HELMET
WEIGHTING X TARGET SPEED (STATIC]

10=
N =
]
g
2
o -
L4
=
: T
3
= 13
w 2
o
=
=
L] e p—
L¥ )
o
i) L |
&
F 1
L=
o & |
&
= =y
T |
z
x
il

Afmsifag

@) §&] FO) O JES A FE) RET S8) fr4 L85 fws
Do 1 BT HOMNDOMIMANT

Fgure 38. Eye Dominance x Subject x Hemet Weighting
X Target Speed (Static)

52



AIMING /TRACKING ACCURACY [MILLIEADIANS)

LE ]

LF

EYE DOMINANCE X SUBJECT X HELMET
WEIGHTING X TARGET SPEED (TEST)

Z

: :

L [1E

] I o

i =

- - :

1 | - i __ -
- HIH (S

A A H A RE RN EE R HE
AR <

IR T T FRTERTIERI I RTIRT T FRTERTERT
DoMIMANT HOMNRPOMINANT

Figure 39. Eye Dominance x Subject x Hmet Weghting

X Target Speed (Test)
53

il |

id

L]

EYE DOMINANCE X SUBJECT X HELMET
WEIGHTING X TARGET SPEED (LOW)

r"l
—

_—|_ _'_-' e
UEU!EE“EUEUE ¥ivla !"-'E'I'i'l'x
EEE:=EE=EEE=§£§§§EE==E::
HHEHHEHEEHEHH e EHEEEEEHEE
HHHHEEHEEEHEHEHHEEEEEEEE
indiiqu:itnlal:i:‘:::.::q:t

S8 5RT 540 S84 S5 T0e SEY ST S8 Sad LHS (6
DOMINANT HOMODOMINAMT

Figure 40. Eye Dominance X Subject x Helmet
Weighting x Target Speed (Low)
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Figure41. Eye Dominance x Subject x Helmet Weighting x
Target Speed (High)

Thisinteraction is dso Satigicaly sgnificant (p <O.00L1); the variability attributed to the
target speed factor is predictable and consstent; the variability attributed to the subject factor is
not predictable or conggtent. Thisinconsstency isimportant to note from a practica viewpoint.
Weknew apriori that people were different, but we did not know that each subject would have a

preferred helmet configuration, i.e., that which provided the greatest accuracy--not that which
subjectively pleased the subject most.



CASEII

The aming/tracking performance was not Satisticdly different with the ding or formfit
suspension (p <0.321) (Figure 42).

Neither was the effect of symmetrica or asymmetrical hemet weighting (p <0.224)
datidicdly sgnificant (Figure 43).

The performance was Satistically different for the four levels of the target speed factor (p
<0.001) (Figure 44).

The accuracy at the test condition is changed by 266% from the static condition. When the
subject beginsto vibrate, the accuracy change from the static case is 338%. The change from
datic to high is 455%. The average accuracy at satic, test, low and high is 3.5 mr, 10.6 mr, 12.7
mr, and 16.1 mr, respectively. The target speed factor accounted for an overwhelming portion of
the variation of the means. The interactions again have F ratios less than one; therefore, the
interactions are not datigticaly significant.

The target speed x suspension data (Figure 45) show areduction in accuracy as target speed
increases. The ding sugpension seems to be better than formifit, but the difference was not
datidicdly sgnificant and the interaction of these two factorsis not statisticaly significant (p
<.989). The target speed x helmet weighting data (Figure 46) show aso areduction in accuracy as
target speed increases.

The symmetric performance seems to be better than the asymmetric performance, but the
difference was not datidicaly sgnificant. The hedmet weighting x helmet suspension data
(Figure 47) show the accuracy about the same for the symmetric and asymmetric formfit ding

suspensons.

The target speed x hedmet weighting x suspension interaction is not significant (p <0.56).
The data (Figure 48) show the overwheming effects of the target speed factors and overshadows
the differences contributed by the other factors.

The interaction is satigticaly significant (p <0.001). The conditions which led to the best
aming/tracking performance for some subjects resulted in the worst conditions for others. This
gtuation isimportant to consder from a practica viewpoint as discussed in Case l. If some
subjects perform best using a specific hemet configuration and others perform their best using a
different configuration, the desgners should not expect one of the designsto be most efficient for
adl individuds
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Figure 48. Target Speed X Hmet Weight X Suspension

The andysis with subjects as a factor will now be discussed. The samerationale for using
subjects as afactor applies asin Case |. When the subject factor is used to account for more of the
within cdls variation, the hedmet weghting factor becomes satisticaly sgnificant (p <0.009).

Figure 49 shows that the subjects do perform differently (p <0.001), asin Case | (Figure 24). The
range is from 9.0 mr to 11.7 mr, a 30% difference from best to worst.

Thetwo-way interactions involving subjects are satigtically sgnificant (p <O.001)
because of the inconsistency in the subject performances. The subject x suspension data (Figure
50) show subjects 1 and 3 perform better with formfit and subjects 2, 4, 5, and 6 perform better
with ding suspension.

The helmet weighting x subject data (Figure 51) show subjects|, 2, 3, 4, and 6 perform
better with symmetric weighting; subject 5 performs best with asymmetrica hemet weighting.
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The target speed x subject data (Figures 52 through 55) indicate each subject performs about
the same in relaion to the other subjects at al levels of target Speed except Stic.

Thisincondgtency in the Satic dataresulted in a gatigticaly sgnificant interaction.

Anayzing the helmet weight x helmet suspension x subject data (Figures 56 and 57), some
subjects performed better with the same helmet configuration; other subjects performed worse.
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Figure 56. Helmet Weight x Suspension x Subject (Sling)

Figure 57. Hdmet Weight x Suspension x Subject (Form Fit)



Subject 1 performed best with asymmetric formfit while subject 3 performed worse with the
same configuration. Thisinteraction is satisticaly significant (p <O.001) because of this type of
incongistent performance.

The target speed x helmet weight x subject interaction (Figures 58 through 61) is
gatistically sgnificant (p <0.005). The data for the static speed do not follow the trends shown by
the same subject a the other target gpeed conditions. This inconsstency causes the statisticaly
ggnificant interaction.
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Figure 59. Casell, Target Speed x Helmet Weight x Subject (Low)

Subject ( Test)
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Figure 61. Casell, Target Speed x HAmet Weight x Subject
(High)

The target speed x subject X suspension data ( Figures 62 through 65) did not show
datisticaly interactions, the datais consstent.
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Figure 64. Target Speed x Subject x Suspension (Low)
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The suspension x subject x hemet weighting X target Speed data are presented in Figures 66
through 69.

SUSPEMSION X SUBJECT X HELMET
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Figure 66. Suspension x Subject x Helmet Weighting x Target
Speed (Stetic)
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Figure 69. Suspension x Subject x Helmet Weighting X Target Speed
(High)
CONCLUSIONS

Even though some factors were setidticdly significant, the only factor showing practica
significance was target speed. The data obtained at each of the four levels of this factor are of
consderable practica interest. The basic head aiming error of about 3 mr (pooling al other
factors) is an important human performance capability to quantify. This error increases dragticaly
as the subject is required to track the moving target; the tracking error increases by more than
250%. Unfortunately, data were not collected with the target static and the subject vibrating. The
additiond error contributed by the subject vibrating, in addition to the target moving at 4//second,
amounts to only about 20%. The psychomotor demands of tracking a target with overt head
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moations seem to be much more demanding than Smply aiming at a fixed target. The additiond
ingtability attributed to the vibration added only 20% error. The additiond error added by moving
the target twice the rate (from 4//second to 8//second) is about 26%.
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APPENDIX A

EYE DOMINANCE TEST
By
|ssac Behar, Ph.D.

APPARATUS

A modified Dyer sighting ocular dominance test was used. This consisted of a black matte
board, 24-inches wide by 19 1/4-inches high which had a centered rectangular opening, 3/4-
incheswide by 2-inches high. Extending away from the opening was a 2x2x22 inch long pard-
lelepiped black tube which had at its far end two cutout forms, acircle and atriangle. Each cutout
was covered with Polaroid HN-32 polarizer, but with orthogona axes of orientation. A second
component conssted of a pair of goggles in which each eye lens was replaced with polarizers,
again with orthogond axes. When the goggles were worn and the dista end of the tube sighted
through the opening, only one of the two forms was seen. When the opening to the tube was
aigned with the right eye, the triangle was seen; when dignment was with the Ieft eye, the circle

was seen.
PROCEDURE

While the observer wore the polarizing goggles, the eye dominance test board was placed in
front of him below waist level. He was ingtructed to grasp the board with both hands, lift it to eye
level, view through the opening, and report which form was clearly visble. This was repeated
three times with ingtruction to hold the board a arms length, mid position, and close to the face.

RESULTS

Subject 1 - Left eye dominant (weak)

Subject 2 - Right eye dominant

Subject 3 - Left eye dominant

Subject 4 - Right eye dominant

Subject 5 - Left eye dominant

Subject 6 - Right eye dominant
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APPENDIX B

HELMET CENTER OF GRAVITY (CG) DETERMINATION
By
Ted Hundley, M.E.

Two hemet conditions reative to CG location were to be tested. The first condition was to
be with the helmet CG located at a point corresponding to the CG location of aregular size SPH-
4 hemet with norma offset due to suspension adjustment. The second condition was to be the
addition of a one pound weight mounted on the lower exterior part of the helmet shell.

Previous measurements using a test device belonging to Dayton T. Brown Corporation had
established a CG location for the SPH-4 regular Sze helmet. This device uses an AFL-3 medium
Sze head form which is balanced about a point representing the CG location of afiftieth
percentile adult male's head and neck. All hedmet CG measurements will be referred to an axis
system using this point as its origin. Defining a three axis coordinate system originating at the
ba ance point with the pogtive X-axis exiting through the face, the postive Y -axis exiting
through the right Sde of the head, and the positive Z-axis exiting through the top of the head, the
coordinates for the CG location of aregular SPH-4 are asfollows. X =-.72in., Y =-25in.,Z =
+2.1in.

Dayton T. Brown's device was not available at the time of the test, and a duplicate device
being built by USAARL was not completed and tested. Therefore, an dternate method of locating
the CG of the test helmet at the desired point had to be devised. The method used was a
needlepoint on which aregular SPH-4 was balanced in dl three planes. When abaance point in
one plane was located, its position was marked on the helmet exterior. The locations of the three
balance points were then transferred to the test helmet. Counterwel ghts were then added to the
test helmet until it was balanced about the transferred points. Thus, the CG of the test hdmet was
made to conform to that of aregular SPH-4.

The shift in location of the helmet CG due to the addition of the eccentric weight was
determined by caculations. The physica location of the eccentric weight on the helmet was
measured in relaion to known points and then transferred to a drawing showing the physica
location of the helmet dementsto afiftieth percentile head-neck CG location. This located the
CG of the eccentric weight in relation to the CG of the head-neck. The resultant CG location of
the helmet and the eccentric weight were calculated to be: X =-50in., Y =+1.03in., Z = +1.47
in.
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